The amino acid content of fasting human blood appears to be quite constant. Extensive surveys (1) have revealed only a few diseases in which the blood amino acid level is modified significantly. Acute yellow atrophy of the liver is associated with a rise in amino acids in the blood, whereas hypoaminoacidemia has been reported in patients with nephrosis and in pneumococcal pneumonia (2). Concerning the fasting amino acid level in diabetes mellitus there is little agreement. Several investigators (la, 3) have observed elevated amino acid levels in a few of their diabetic subjects. Greene, Sandiford and Ross (lb) studied 116 diabetics and observed that the average amino acid level was within normal limits. No accurate data on the condition or treatment of these patients were given. On the other hand, a high blood amino acid content has been reported in dogs with experimentally induced diabetes (4) . Luck, Morrison and Wilbur (5) observed that insulin lowered the amino acid content of blood in both experimental animals and normal human subjects. These results have been confirmed by several investigators (6) using the Folin colorimetric method and by Farr and Alpert (7) using Van Slyke and MacFadyen's manometric ninhydrin method (8). Luck also studied two diabetic patients under insulin treatment and observed low normal fasting amino acid levels.
The lack of agreement of existing data on the blood amino acid content in human diabetes mellitus, together with the paucity of data on the clinical condition and therapy of the patients, suggested the present study. METHODS 1. Choice of subjects. A group of twelve severe untreated diabetic patients was studied. All of these patients were admitted to the Johns Hopkins Hospital primarily because of diabetes, although complications (alveolar abscess, chronic sinusitis, chronic infection of hand) were present in several instances. In four of the twelve patients, the CO2 combining power was above 50 volumes per cent on admission. The other eight patients were in moderate to severe acidosis (Table I) . (11) . Analysis of urine for amino acid content was made by the manometric ninhydrin method. The low concentration of amino acids and the high concentration of substances which may give false reactions in urine make these values less significant than the blood determinations.
Since the manometric ninhydrin method depends on the measurement of evolved carbon dioxide, other reactions resulting in the production of carbon dioxide from diabetic plasma must be considered. Pre-existing carbon dioxide and bicarbonate are removed and thus cannot affect the result. The possibility of a slow evolution of carbon dioxide from some abnormal constituent of the blood was ruled out by performing the analysis with ninhydrin omitted. No carbon dioxide was produced under these conditions. The reaction of abnormal constituents with ninhydrin is also possible. This is ruled out as an important factor by the similarity of results obtained by the manometric ninhydrin method and by Folin's colorimetric method.
The urea content of blood and urine was determined by the urease method and the non-protein nitrogen by the micro-Kjeldahl.
RESULTS

Plasma amino acid levels in untreated diabetes
All twelve of the untreated diabetic patients had a plasma amino acid content exceeding the 275 therapy in diabetic four cases, the fasting levels exceeded the normal fasting upper limit of 5.4 mgm. per 100 cc. The amino acid content of whole blood and of packed red blood cells was similarly increased, the erythrocytes maintaining a slightly higher level than the plasma. In two cases the amino acid levels obtained by the ninhydrin method were compared with determinations of amino acids by the colorimetric method of Folin. The results of the two methods were very similar. The colorimetric method yielded slightly lower values when the manometric ninhydrin results were very high, while at normal levels, the ninhydrin method gave slightly lower values.
2. Relation of blood amino acid content to the degree of acidosis or azotemia The highest amino acid level was recorded in a patient with a normal plasma CO2 combining power (Case 1). It is to be noted, however, that all of the patients in diabetic acidosis had a significantly elevated blood amino acid content. Strong tests for acetone and diacetic acid in the urine were always noted when the blood amino acid content was much above normal. There was no correlation between the blood content of amino acids and that of urea.
3. Amino acid content of urine The loss of substances reacting as amino acids in the urine was much increased in patients with severe diabetes. This fact has been noted (9). Untreated diabetics excreted from four to ten times the normal quantity of amino acids in the urine (Figure 2) . 4 . Effect of insulin The elevated amino acid content of untreated diabetics was restored to normal by insulin therapy (Table I) . During the first few hours of intensive insulin therapy the decrease in blood amino acids roughly paralleled the reduction in blood sugar in a patient with severe acidosis (Figure 1) There is a rough parallelism between the falling concentration curves of blood sugar and amino acids. and amino acid was observed during the period of adjustment of diet and insulin, since there were frequently proportionately larger and more rapid variations in the blood sugar. Hypoaminoacidemia (below 3.6 mgm. N per cent) was rarely seen following large doses of insulin. Whether hypoglycemia occurred at the same time depended on the carbohydrate intake.
The effect of insulin on the increased renal excretion of nitrogen in uncontrolled diabetes is well known. In the two patients in whom nitrogen excretion studies were made, the fall in the blood amino acid level occurred somewhat more abruptly than the diminution of renal nitrogen excretion. The disappearance of acetone and diacetic acid from the urine also lagged behind the fall of blood amino acid. 5 . Tolerance and utilization of intravenously injected glycine The high blood level of amino acids in uncontrolled diabetes presumably arises from some disturbance in production or utilization. In order to study certain aspects of this problem, glycine (0.27 gram per kilo) was injected intravenously in 10 per cent solution over a period of forty-five minutes and the blood amino acid, urea, and sugar were followed for the subsequent three-hour period. Urine was collected during a control period before the test, and hourly during the test. The patients were given the glycine before insulin therapy had been instituted. The same routine was repeated subsequently in two of the patients after they were well balanced on protamine zinc insulin, the test being performed in the early morning, ten hours following the last nourishment, and nearly twenty-four hours after the last insulin injection. Similar tests were performed on normal subjects. Data are presented graphically in Figure 2 .
It is evident that the uncontrolled diabetic patient responded to the injection of a moderate amount of glycine in a considerably different fashion from a normal subject, or from an insulintreated diabetic. In untreated severe diabetes, the plasma amino acid level started from, and rose to, higher levels. Loss of amino acid in the urine was increased. A large rise in blood urea was not observed. There was a considerable increase in urea excretion, however, which during the course of three hours was equivalent to a large proportion of the nitrogen of the injected glycine. There was also a significant rise in blood sugar and in urinary sugar excretion. In contrast, the insulin-treated diabetic patient and the normal individual show much smaller changes than the severe untreated diabetic, although the direction of each reaction appears to be the same. DISCUSSION These observations indicate that the plasma amino acid content is greatly elevated in untreated severe diabetes. Concomitantly, the urinary output of amino acids is considerably increased. The increased blood amino acid level does not appear to be due to impairment of excretory function of the kidney, since the output of amino acid is increased above the normal. In addition, there is no correlation between urea retention and the increase of amino acid in the blood. The degree of ketonemia does not affect the plasma amino acid content significantly.
Insulin has a rapid and profound effect in lowering the elevated blood amino acid level.
During the first few hours of insulin treatment, the falling curves of blood amino acids and sugar are roughly parallel. When carbohydrate is administered, however, the parallelism ceases. The plasma amino acid content remains rather con- Figure 2 ). There is also an unusually large increase in urea nitrogen excretion in the untreated diabetics following glycine injection. The changes in blood and urine urea and glucose (Figure 2) superficially suggest an increased rate of deamination and gluconeogenesis, but with the limited data, it is not possible to be certain. One can be certain, however, that in the severe untreated diabetic, the rate of urea production from amino acids is at least equal to normal. If there is no decrease in the rate of deamination of amino acids in severe untreated diabetes, the increased concentration of plasma amino acids would appear to be due to an increase in the rate of production or liberation of amino acids. Conversely, insulin would appear to diminish the rate of production or liberation of amino acids, since insulin lowers the concentration of plasma amino acids at a time when the production of urea is diminishing. A similar conclusion on the action of insulin was reached by Mirsky (6a) in his studies on nephrectomized non-diabetic animals.
SUMMARY AND CONCLUSIONS 1. Twelve patients with severe untreated diabetes mellitus had high fasting plasma amino acid levels.
2. The high plasma levels were accompanied by increased urinary excretion of amino acids, and could not be correlated with urea retention.
3. The administration of insulin caused a rapid return of blood levels to normal. On continued insulin therapy, the plasma amino acid was maintained at normal levels, despite the fluctuation of the blood sugar.
4. Evidence suggests that in severe untreated diabetes mellitus, there is an increase in the rate of production or liberation of amino acids, and that the administration of insulin is followed by the return to a more normal rate.
The author is greatly indebted to Doctor George W.
Thorn for helpful suggestions and criticism of this work.
